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Beedenue. CraTba MOcBAlleHa UCCHeOBaHHIO MUKPOTBepOCTH 
M W3HOCOCTOHKOCTH asIKOMMHMeBOrO criaBa (AKS5M7) nocie 
OOpaOoTKH ero MOBEPXHOCTH IICKTPONCKPOBbIM JIeTHpOBaHHeM 
(OQWJI) snexrponamu A (Cu) u P (Cu+ P) c pa3Ho npuso0%*xeH- 
HOM 9HeEpruen. 

Ilenb padoTbr — uccreqoBaHve B3aHMOcCBA3H 6()u3HKO- 
MeXaHH4eCKHX UW MpOUHOCTHBIX CBOMCTB MOBepXHOCTH criiaBa 
AKSM7, mnomyyeHHow mocite OVJI MeaqHbIM UU MeJHO- 
(ocMopHbIM IIeEKTPOaMu. 

Mamepuaaoi u memoool. Victionb30BaHbl MeTOJIbI PCHTTeHOH- 
(bpakIMOHHOTO HU peHtTreHodslyopeciieHTHOrO aHasM3a TIA 
olpeyzeneHna tazsoBoro cocTaBa, OOJacTeH KOrepeHTHOrO pac- 
ceaHusa (OKP) u mMukpozedopMaliun MOBepxHOcTH. 
Pe3yieomamol ucciedo6aHua. Y CTAHOBIICHO, YTO TIPU UCHOIb30- 
BaHHH OOONX BUOB 3JICKTPOJOB C YBeJIM4eHHeM JHEP BO3- 
pacTalOT MUKPOTBeEpAOCTb WH W3HOCOCTOMKOCTb. Odpa3el OBIT 
MOJM@UUMpOBaH 3ICKTpOOM P c dHepruet 0,79 Jbx. B 9Tom 
ciryyae MaKCHMaJIbHoe 3HaYeCHHe MUKPOTBepOCTH yBesIH4H- 
OCb B 5,3 pa3a, H3HOCOCTOMKOCTUH — B 1,6 pa3a. YcTaHOBIIeHO, 
yTo np OVJI Ha moBepxHocTH uccuesyeMoro criaBa OOpa3y- 
FOTCA HOBbIe HHTepMetamMyeckHe da3b1 Al,Cu u Cu3P. Ecum 
3HaveHHe UCIOIb3YeMOU 9HEPIMu MaKCuMasJIbHO (0,79 JK), To 
KOHLeHTpamua cba3zp1 Al,Cu yBesmunBaetca B 5S u 9 pa3 Cc 9371eK- 
Tpoyzamu A u P cooTBeTCTBeHHO, a KOHIeHTpaliua cba3br Cu3P 
yBeIMuMBaeTcaA Ooee 4YeM B 4 pa3a IPH UCHOJIb30OBaHHU 3JICK- 
Tpoya P. IloayuaeHHbie SKCIIepHMeHTaIbHble JaHHbIe CBHJe- 
TeJIbCTBYIOT OO YMeHbINeHHH pa3MepoB OKP u ysBemmueHun 
3HayeHHH MUKposedopMalluu JI BCeX MMerFOIIMXcaA Ha M0- 
BepxHocTu (ba3 Al, Al,Cu u CusP. 

O6cyorcoeHue U 3akilioyeHua. YBerM4eHve 9Hepruu UupH OVI 
IIPHBOJMT K MOBBILIeCHHIO ed~eKTHOCTH HU HU3MeHeEHHIO (:)a30BO- 
TO COCTaBa BHOBb IIOJIYYeCHHBIX MOBepxXHOcTeH. ITHM MO2XKHO 
OOBACHUTbh MOBBILeCHHe M3HOCOCTOHMKOCTH JaHHONM MOBepxHoO- 
CTH. 


Ku1r0ueBble CJIOBa: 3JICKTPOHCKpoBoe sJIerupoBaHue (OVI), 
oOacTb KorepeHTHOoro paccesHuad (OKP), Mukpoyedopmaina, 
aJIKOMMHUeBBIe CIIIaBbl, HHTCEHCHBHOCTb H3HalllMBaHHA. 


* vv 
PaOorta BbITOJIHeHa B paMKax HHMIMaTHBHON HUMP. 


Introduction. Microhardness and wear resistance of the alumi- 
num alloy (AK5M7) after its surface treatment through elec- 
trospark doping (ESD) using A (Cu) and P (Cu+P) electrodes 
with different applied energy is considered. The work objec- 
tive is to study the relationship of the physicomechanical and 
strength properties of the surface of AKS5M7 alloy obtained 
after ESD with copper and copper-phosphorus electrodes. 
Materials and Methods. X-ray diffraction and X-ray fluores- 
cence analysis methods were used to determine the phase 
composition, coherent-scattering regions (CSR), and the 
surface microstrain. 

Research Results. It is established that with increasing energy, 
the values of microhardness and wear resistance increase 
when using both electrodes. The sample was modified by P 
electrode with the energy of 0.79 J. In this case, the maximum 
value of microhardness increased 5.3 times, wear resistance - 
1.6 times. It 1s found that with ESD, new intermetallic phases 
of Al2Cu and Cu3P are formed on the surface of the alloy 
under study. If the value of the energy used is maximum (0.79 
J), the concentration of the Al2Cu phase increases 5 and 9 
times with A and P electrodes, respectively, and the concentra- 
tion of the Cu3P phase increases more than 4 times when us- 
ing P electrode. The experimental data obtained suggest size 
reduction of the CSR and an increase in the microstrain values 
for all the Al, Al2Cu, and Cu3P phases on the surface. 
Discussion and Conclusions. An increase in energy with the 
ESD involves an increase in the defective factors and a change 
in the phase composition of the newly obtained surfaces. This 


may explain the increase in wear resistance of the surface. 


Keywords: electrospark doping (ESD), coherent-scattering 
region (CSR), microstrain, aluminum alloys, wear rate. 
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Baexenne. [11 NOBBIMICHHA M3HOCOCTOMKOCTH eTalIeH UCTIOUIb3YIOT pa3JIM4Hble MOKPBITHA U MeTObI MOH- 
(buKalluu MOBepxHOCcTH. OHH 43 HUX — dJIeEKTpONcKpoBoe JerupoBaHnue (IVJ1) TOoKonpoBoAAWIMxX MaTepuasiOB (aBTo- 
ppr: b. P. Jlazapenko u H. VU. Jla3apenxo | 1—4]). 

Cnappr Al-Si-Cu lIMpoKO HCHOsJIb3YIOTCA B ABTOMOOMJIbHOHM IIPOMBIINICHHOCTH. OHM XOpOIO OTIIMBALOTCA, 
oOayqaroT BCEMH HeEOOXOJMMbIMH MexXaHH4eCKHMH CBOMCTBaM, XapaKTepH3YFIOTCA HHU3KUM KOIMMUMMCHTOM TeIJIOBOrO 
pacliMpeHua W BbICOKHM COOTHOINeHHeEM TIpOUHOCTH UW Beca. ONHaKO TBEPAOCTb HU H3HOCOCTOMKOCTb asIKOMMHHeBBbIX 
CHaBOB OTHOCHTeJIbHO HU3KHe. ITUM OOYCJIOBIeCHa AKTYaJIbHOCTb 3aa4W YJIyYIIeHHA Ha3BaHHbIX CBOHMCTB 3a CYeT 
MOBepXHOcTHOrO yupouHeHusA [5—10]. Peas ugeT 0 HeEOOXOAMMOCTH CO3aHHA YMPOUHEHHBIX CJIOeCB C YJTYYIIeHHbIMU 
(DH3HKO-MexaH4ecKMMH CBOMCTBaMH. B mpeycTaBIIeHHOM padoTe MOKa3aHbl pe3syibTaTbI IMJ] pasqM4HbIMU 9JIeKTPO- 
JJaMU TIP pa3Hbix 9HEPrHuAx C WeJIbIO YIPOUHEHHA MOBeEpxXHOcTH ciiaBa AKSM/7. 

Matepnasbr uw Merogpl. Jia mpoBeqeHua UccieqOBaHHH Ob UW3rOTOBICHbI OOpa3IIbl pa3MepoM 
15<x15x4 mM u3 asroMuHnesBoro crijiaBa AKSM7. Ux nopepxHoctTu oOpabaTbiBalIuch MeTOOM QVJI MexqHBIM HW MeJHO- 
(bocOpHbIM IIeEKTPOaMu. QICMeCHTHbIM COCTAB CIIIaBa HU DICKTPOAOB OMpeeAJICA MCTOJIOM peHTreHodslyopecileHT- 
HOrO aHasin3a Ha WpHOope ARL Perform’X 4200. PesynbtaTbi ipHBeyzeHb! B Taos. 1. 

Tadsuua | 
QJIEMeCHTHBIN COCTAB CIIaBa UW IICEKTPOOB 


OO 





OIEKTPOHUCKpOBOe JIerupoBaHve MpoBoyu0Ccb Ha ycTaHoBKe ALIER-31 (d@upma SCINTI, Mososa), kotopas 
MO3BONAeT IpOBOAUTb QVJI B wMpokoM AMala30He JHEP. 

PentreHoda30Bbiit aHasIH3 BbIMOJIHAJICA C LesIbIO OlIpeseeHuA (azs0BOro COCTaBa IIOKPbITHM, HAHCCCHHBIX Me- 
TOoHOM OVJI Ha alroMMHuveBEIM crap. JiId CbheMKM UCIIOUb30BaICA PCHTTeHOBCKHH Audpaxtometp PANalytical 
EMPYREAN ua CuKo-n31ydeHun, YKOMIMJICKTOBaHHbIM HUKeJICBbIM (HJIbTPOM C AaBTOMATHYeCKON IeJIbIO pacxo]u- 
MOCTH TlepBH4HOrO y4ka. PeHTreHOrpaMMa pacilIM@poBbiBallach C MOMOLIbIO IporpamMpb! HighScorePlus. U3y4eus: 
— KOJIMYeECTBEHHOE COepxKaHHe (ha3, OOHAPy2KCHHBIX Ha MOBEPXHOCTH; 
— cpeJHui pa3sMep oOacTe KOrepeHTHOroO paccesHusa (OKP); 
— BeJIM4MHbI MUKpoyedopmalui mocie IUJI oOpa3wos. 

MukpotBepyocTb MOAM@UUMpOBaHHOTO CJIOA H3MepsAaCb Ha MOBepXHOCTH, MOWyYeHHOH Mocse OVJI. B pa- 
OoTe HCMONb3OBAIIN MCCIETOBATeIbCKMM KOMIMJIeKc Ha 0a3e MUKpoTBepszOMepa HVS-1000 u undposyro BuszeoKamepy. 
V3mMepenna BbimomHAIMCch 10 OCT 9450-76 c HH_eCHTOpOM B Bue WHpamuyb Bukkepca (Harpy3ka P= 251). Ilo 
K@KIOMy OOpa3lly NpOBOAMIM He MeHee JecATH H3MepeHuii. OcHOBHOH ciiIaB HU MOBepXHOCTH ero OOpa3llOB Mocse 
oOpadoTKu DVJI nozBepramuch TpuOONOrMYeCKUM UCIIbITAHHAM (MpeABapHTesIbHO Ha MOBeEPXHOCTH OOpa3ll0OB HaHo- 
CWJICA CMa304HbIM MaTepuall). 

Pe3ysIbTaTbI HcceqOBaHHA. [louy4eHHble pe3yIbTAaThI IpeCTaBJIeHbI B Tao. 2 Mu Ha puc. 1-4. 


TaOsmuia 2 
KoHueHTpaliua (a3 OCHOBHOFO Ci1aBa M MOBepxXHOCcTeH, MOJYYeHHBIX Mocue QVJI B 3aBMCHMOCTH OT IHEpruu 


KonueHtpaluu a3 


Suepras, Jb P-ieeipon 
uk 





Mayo CTpOCHHe HW MallIMHOBCICHHe 
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B taOn. 2 mpuBeyeHbI KOHIWeHTpauHu :a3, OOHAPy2xXCHHBIX Ha MOBEPXHOCTH OCHOBHOrO ciIaBa U OOpa3iloB 
mocue QUJI npu pa3sM4HeIx 9Hepruax. 

B OCHOBHOM clijiaBe UMeroTca Tou da3pr: Al, Al,Cu u Si. C noppimmenvem 9Heprun OVJI HaOmrofaetca yBenn- 
yeHHe KOHUeHTpauuu Al,Cu mpu Hcnoub30BaHuu OOOUX 3IEKTPOJOB HU YMeHbIeHve (ba3p1 Al, a cba3a Si OcTaeTca M0- 
CTOAHHOH ua A-dIeKTpOa pu Bcex dHepruax. II[pu 3TOM KOHUeHTpaua Si BO3pactaeT B 2,5 pa3a C pOCTOM 39HEprMu 
aua P-aextTpona. B oOpa3uax, oOOpadoTaHHbIx P-931eKTpOJIOM, NosBsIaeTca (pa3a Cu3P. Ee KOHIeHTpallua C MOBbIMIeHH- 
eM 9Heprun uMitysibca 70 0,79 JK Bo3pacTtaeT B 8 pa3. 
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Puc. 1. 3aBucuMoctTb pa3sMeposB OKP dba3pi Ha ocHoBe Al oT dHeEprHun JIA BIeKTpOOB A u P 
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Puc. 2. 3aBHCHMOCTb BesJIMYHHbI MUKposedopmaun (a3bI Ha OcHOBe Al OT 9HEprHu WA sIeKTpoOB A u P 


V3 puc. 1, 2 BUHO, 4TO MPU MCHOJb3OBaHHU OOONMX BJICKTPOAOB C MOBbILeHHeM 9Hepruu DVJI yMeupiaetca 
OKP u yBesmunparotca MuKpozedopmanun. OOacTH KOrepeHTHOrO paccesHHA TpesCTaBIAIOT COOOM mpakTH4ecKU 
Oe3qeMeKTHbIe yuacTKH MOBepXHOCTH. CyleqOBaTesIbHO, yBesM4eHHe OKP cBuyetesbcTByeT 00 yily4ilieHHuH MUKpo- 
CTPyYKTYpbI MOJMMUIMpOBaHHOrO COA, YMeHbINeHHUM ero edeKTHOCTH. BMecTe c TeM H3BeCTHO, 4TO H3MeHeHHe Je- 
(DeKTHOCTH CTPYKTypbI MeTaIM4eCKUX MaTepHalloOB IIpHBOXMT K W3MeCHCHHIO UX (du3HKO-MexaHHyecKHx 
cBolicts [11, 12]. Bemmunna muxpoyedopmaluu yka3biBaeT Ha CTeMeCHb UCKaKCHHOCTH KpHCTasWIM4eCKON pellleTKH, U 
TaKHM 00pa30M HO ee BeEJIMYHHE MOXKHO CYMTb O CTeMeHH We@eKTHOCTH cTpyKTypbl [13, 14]. AdamormuHble 3aBnCcH- 
mocTuw OKP u Mukpoyedopmaltnn nomyyenb! Aa daz Al>Cu uv Cu3P nocme SVJI nopepxuoctu crjiapa AK5M7 9au1ex- 
Tponamu A uP. IIpu 9ToM OOHapy2xxKeHO, YTO 3AKOHOMEepPHOCTH H3MeHeHHA OKP u mukpoyedopmallun Take xe, Kak 
aia (ba3bI Ha OcHOBe Al. CrleqoBaTesbHO, WaHHble puic. 1, 2 MO3BONAIOT TIpeMOOKXUTb, 4TO C yYBeJIMYeHHeM 9HeEprHuun 
CWJIbHee UCKaxKaeTCA CTPyKTypa NOJYACHHOHM MOBEPXHOCTH. 

Ha puc. 3 mpecTaBsIeHbI pe3yiIbTaTbl W3MepeHHA MUKPOTBepsOCTH MOBepxHocTeH nocie DVUJI MeyqHsIM u 
MeHO-OCOpHbIM 3ICKTPpOTaMu. 
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Puc. 3. 3aBMCHMOCTb MUKPOTBepOCTH OT dHeEprHun WIA A- Ww P-371eKTpOOB 


BuaqHO, UTO MHKPOTBEPAOCTbh BO3pacTaeT C yBeIM4eHHWeM Z9HEPIMNn, UpwyemM AWA seKTpowa A pu MaKCcH- 
MQ@JIBHOM 3Ha4eHMH IHEPIuU OTMe4aeTCA MOUTH 3-KpaTHBIM POctT, WA 9IeKTpoa P — 5-KpaTHBIi. 

Vi3BecTHOo, 4uTo npu QVJI npoucxoyuT miaBseHHve MaTepuasioB aHOa UH MOBeEpXHOCTH OOpa3ila, a 3aTeM OBICT- 
poe oxslaxkqeHue (3aKasIKa). B pe3yibTaTe Ha MOBEpXHOCTH MOryT OOpa3z0BaTbCA HOBBbIe (a3bl (B HallleM cryuae Cu;P), 
JMCIOKallMu, TOUCYHbIe eMeKTHI, BbICOKaA CTCICHb HallpsxKeHHOrO COCTOAHUA MOBEPXHOCTH, MCJIKO3CPHUCTad CTPyK- 
Typa 4 mp. B cBa3H C 9STHM MO2KHO IIpeAMOOHKUT, YTO C POCTOM 39HEPIHH MUKPOTBEPAOCTh YBeJIM4MBAeTCA W3-3a BBI- 
IWeMepe4uMCJICHHbIX HCKaxKCHUM, BOZ3HUKIUMX B Ipouecce IVI (cm. puc. 3). 

Ha puc. 4 npeycTaBieHbI pe3yIbTaTbI U3MepeHHA MHTCHCHBHOCTH W3HalMBaHnus ciaBa AKSM7 u moBepxHo- 
cTeli oOpa310B nocie DVJI MeqHbIM MU MexqHO-*ocdopHsIM BIeKTPOAaMu pu dHepruu 0,79 Jhx. 
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Puc. 4. 3HaveHua MHTCHCHBHOCTH V3HallIMBaHuA OCHOBHOrO ciiaBa AKSM7 u ero NOBepxHOCTH HOcJIe NOKpPbITHA pH 9Hepruu 0,79 JK 


V3 puc. 4 BUAHO, YTO MOBEPXHOCTH OOPa3llOB, OOpadoTaHHbIX MeJHO-MOCMOpPHBIM HM MeJHbIM 3JICEKTPOAaMH, 
YW3HOIICHBI 3HAYUMTEJIBHO MeHbIIe, YEM MOBEPXHOCTs criylaBa AKS5M7. 

OOcyxxKJennHe Hu 3aKIOUeHHA. [losy4eHHble pe3yIbTaTbI CBUCTEJIBCTBYIOT 00 9ddexkTuBHOcTH QVJI noBepx- 
HocTH criaBa AKSM7 pa3sIM4HbIMH DIeEKTpOaMH UW Cc pa3sHon 9Hepruen. IlopepxHOcTH, MOJTyYeHHbIe TAKUM MeTOJIOM, 
W3HallMBaroTca MeHbIUe. I[pu ucnoOsb30BaHHUM MeAHOTO ZBICKTpONa U3HalIMBaHve coKparaetca B 1,37 pa3a, pu UC- 
TOUb30BaHHU MesHO-dbocdopHoro — B 1,57 pas. 

IIpu qocTwKeHHuM MUHUMMAJIBHOrO 3HayeHHA W3HOCa TOcIe QUJI nopepxHocTuv MMerIOT MaKCHMAaIIbHbIe 3Hade- 
HUA MUKPOTBepOCTH HM MUKpOAemopMallMn, a TakxKe HavMeHbIIMe 3HayeHHA OKP. IIpu 9ToM HaOsOaaeTca 3Ha4uH- 
TeJIbHbIM POCT KOHI[CHTpalluu OOpa3yrouluxca mocse QVUJI untepMetassmueckux baz: Al,Cu — ot 5 yo 9 pa3 c Med- 
HbIM HM MeJHO-(OCMOPHIM IJICKTPOTAaMU COOTBETCTBEHHO; Cu3P — B 8 pa3 c MexqHO-*ocopHbIM 371eKTpoOM. IIpu- 
4HHOW MOBBILMCHHA H3HOCOCTOHKOCTU MOBepxHocTeH nocie QVJI MoryT ObIT pa3IM4Hble UCKaxKeHHA U edeKTHI, OOpa- 
B3YFOINIHeCA MOCIIe NWaBJICHHA, a TakxKe (POPMHPOBAaHHe HOBbIX HHTepMeTasIM4eCcKHX (pa3. 
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